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[57] ABSTRACT 

Novel photocurable compositions empl oying the addi- 
tion of thiols to polymers h aving -terminal v favl-acetal 
functions , products prepared therefrom, and process for 
preparation thereof are disclosed. The cured products 
are films useful in coating floor tile, fabrics, and wooden 
articles. 

9 Claims, No Drawings 
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fluoro, or chloro; n is 0 or 1 and a is a positive number 
greater than 1. 

The invention also provides a film suitable f r coating 
a substrate which comprises a cured film formed by 
5 treating with actinic radiation a lamina comprising a 
polythiol and a polyene derived from a vinyl acetal. 

The invention further provides an article of manufac- 
ture consisting of a substrate coated on at least one 
su rface with a film derived by treating a lamina coated 
10 nn m»i surfed witt^ actinic radiation, said lamina com- 
prising a polythiol and a polyene derived from a vinyl 
acetal. 

The invention still further provides a method for the 
preparation of an article of manufacture coated on at 
IS least one surface with a cured film derived from a poly- 
thiol and a polyene derived from a vinyl acetal which 
comprises applying to at least one surface of a substrate 
a lamina comprising a polythiol and a polyene derived 
from a vinyl acetal: and treating said lamina with actinic 



PHOTOCURABLE COMPOSITIONS 

This is a divisional of applicati n Ser. No. 720,531 
filed Sept 7, 1976. 

BACKGROUND OF THE INVENTION 

This invention relates to the art of "thiol-ene" cures 
of polym ers, that is cure of polym er* K Y radiation in- 
duced addition of thiol functions to carbon-carbon nn- 
saturation 

" The basic principles of radiation, induced thiol addi- 
tion to carbon-carbon unsaturation, particularly termi- 
nal unsaturated bonds, in various molecules are re- 
viewed by Griesbaum in Angewandte Chemie (Interna- 
tional Edition), 9, (1970), page 273. 

The .use of this type of reaction in curing various 
polymers, including urethane polymers, to form elasto- 
mers and resins is well-known in the art. No polymers 
having vinyl-acetal terminal groups are known to.have 20 radiation. 

been cured using this method. DESCRIPTION OF THE PREFERRED 

SUMMARY OF THE INVENTION EMBODIMENT 

The invention provides a photocurabie composition 10 describing the preparation of the compositions of 
which comprises a polythiol and a polyene derived 23 the invention, reference will first be made to the method 
from a vinyl-acetal °f synthesis of a specific embodiment of the polyenes 

The tangible embodiments of this composition aspect derived from a vinyl acetal, namely a 3<thyl-5-hydroxy 
of the invention possess the inherent applied use charac- methyl-2-vinyl-m-dioxane terminatea-ioiuene-diisocv^ 
teristic of being curable to tough flexible films useful as Dfltfi rapped hydroxy t er minated poly e thylene ad i pat e 

30 ftnving apprnximately Rno ^Myajent Weight Of the 
polyester and an NOP content of approximately 3.0% 
Hbefore the terminal flroup was introduced ( I). 

5-ethyl-5-hydroxy methyl-2-vinyl-m-dioxane (II) a 
starting material for the preparation of I may be pre- 



coatings for floor tile, fabrics, and wood. 

A preferred embodiment of this composition aspect 
resides in the concept of a photocurabie composition as 
defined hereinabove wherein the polyene is derived 

from viny1.1 r 3-dio^;ojiane r or vinyl- 1,3-dioxane. 



Another preferred embodiment resides in the concept 35 pared from trimeth ylol propaneand acrolein in a reac- 



of a photocurabie composition as defined hereinabo ve 
wherein the polythiol is sele cted from a compound oL 
the formula Q4-SH) « wherein m is at least 2 and O is an 
m valent radical derived by removal of hydrogen from 
t ennmal or rin g positions of strai ght, hranchej chain, or 
cyclic aikylTof from 2 to 20 carbon atoms, benzene, 
straight or branched chain alkyl-phenyl, biphenyl, phe- 
nyl-straight, branched chain, or cyclic alkylene-phenyl 
diphenyl-ether, straight, branched chain, or cyclic al- 
kyl-phenyl ether, di-straight, branched chain, or cyclic 
alkyl ether, polyphenylene-polyether, polyphenylene- 
polyalkylene-polyether, polyalkylene polyether, poly- 
ester, or esters of polyols. 



tion analogous to that described in U.S. Pat. No. 
3,010,923 for the reaction of a, 0, a>-triols with acrolein 
for the preparation of vinyl- 1,3-dioxoIanes. 
Treatment of II with an approximately 800 equivalent 
40 weight hydroxyl terminated polyethylene adipate poly- 
ester capped with toluene diisocyanate to an NCO con- 
tent of 3.0% at elevated temperature, conveniently 90° 
C, for a moderate reaction period, conveniently 9-10 
hours, gives I. 

45 To prepare a specific embodiment of the composi- 
tions of the invention , I, pentaervthritol tetrakis mer - 
papto aceta te , a U.V. initiato r, c onveniently benzophe - 
none , an antj-Oxid^t, conveniently 7,^-Hi.tprtiary- 

hiityl-A-methYl'Ph^" 01 flnH , if rf fift ifprf , flou/ r ^ ntrr> l 



Still another preferred embodiment of this composi- „ Q „ . c , . oe TT „. rarK{ . r . rtrT ^ rQf . „. linn T 
tion aspect ^ the mvention resides in the concept^ a 50 ^^S^^ Corporations UQCO- 

A suitable volatile solvent in sufficient proportion to 
adjust viscosity for convenient applicati on majube 
added. Methyl ethyl ketone is a convenient solventior 
tins" purpose. 

riended material is applied in a thin layer or 



photocurabie composition as hereinabove defined 
wherin the polyene is a compound of the formula: 



OH HO R (CH 2 iO R' 

II I I II I/ \ I . 

Q'-<-C— N— X— N— C— O— Y— C H-C— C=CH2) a 

. (CH2)„-0^ 
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TEe 



wherein Q' is an a-valent residue derived from a hy- 
droxyl terminated poivester. polvether, polvamideT 



lamina to the substrate to which it is desired to apply the 
coating and anv so lvent which may be present allowed 
to evapora te. The cast uncured film lamina is then ex- 
,60 posed to U.V. radiation and cured. 

One skilled in the art will recognize that in addition to 
the specific intermediate II illustrated hereinabove, it is 
possible to treat acrolein or acrolein- substituted in the /3 
position with hydrogen, alkyl, halo alkyl, fluoro or 



p olyester polvetlierror polvester-poivam ide fry remrmal 
of hydrogen from the hvdroxyl function s; X is a diva- 
lent alkylene, or arylene linking group; Y is a covalent 

bond or an alkylene group of from 1 to 20 carbon atoms; 65 chloro with ana,j3, o-triol such as glycerol, 1,2,6-hex- 

R is hydrogen, alkyl f 1 to 20 carbon atoms, or baloal- anetriol and the luce, or an a f y, a>-triol such as 1,3,6- 

kyl of 1 to 20 carbon pt"TP c ; F' *? ftylrogry glv Y ! nf 1 hexanetriol and the like in addition to the trimethylol 

to 20 carbon atoms, haloalkyl of 1 to 20 carbon atoms, propane illustrated or such triols substituted in the & or 
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y position with alkyl, or halo alkyl to obtain the vinyl- ylpentylene diisocyanate, 3-meth xy-hexamethylene 

m-dioxane or vinyl- 1,3-dioxolane derivatives contem- diisocyanate, octamethylene . diisocyanate, 2,2,4- 

plated as suitable for use in the invention. Thus any trimethylpentylerie diisocyanate, 3-butoxyhexamethyr 

1,2,(3 or higher) or 1,3,(5 or higher) triol will be suitable. lene diisocyanate, 1,3-dimethylbenzene diisocyanate, 

Similarly it will be readily apparent to one skilled in 5 1 ,4-dimethylbenzene diisocyana te. 1,2-dimethylcy- 
the art that any hydroxy terminated polyester, poly- "clphexane. diisocyanate, 1,4-dimethylcycldhexane diiso- 

ether or polyamide may be substituted for the poly- cyanate, 1,4-diethylbenzene diisocyanate, 1,4-dimethyl- 

meric polyethylene adipate illustrated as a suitable pre- naphthalene diisocyanate, 1,5-dimethylnaphthalene -di- 

polymer starting material. isocyanate, cyclohexane-l ( 3-diisocyanate, cyclohexane- 

Illustrative of suitable prepolymers will be those liq- 10 1,4 diisocyanate, l-methylcyclbhexane-2.4-diisocva- 

uid polyesters derived from such polyhydric alcohols nate, l-methylcyclohexane,-2,2-diisocyanate, 1-ethylcy- 

as: ethylene glycol, 1,3-propanediol, 1,2-propanediol, <^hexane-2,4-diisocyanate, dicyclohexylmethane-4,4'- 

1.3- butanediol, 1,4-butanediol, 2,3-butanediol, i;3-pen- diisocyanate, . dicyclohexylmethyhnethaner4,4'- 
tanediol, 1,4-pentanediol, 1,5-pentanediol, 2,3-pen- diisocyanate, dUcyclohexyldimethylmethane-4,4 1 - 
tanediol, 2,4-pentanediol, 1,6-hexanediol, l,5-hex- : 15 diisocyanate, 2,2-dimethyldicycl6hexylmethane^4,4'-.: 
anediol, l;4-hexanedibl, 1,3-hexanediol, 2,3-hexanediol, diisocyanate, 3,3\5,5'-tetnuiiethyldicyclphexylme- 

2.4- hexanediol, 2,5rhexanediol, 1,7-heptanediol, 1,5- thane-4,4'-diisocyanate, 4 f 4-methvlene-bis(cvclohex - 
heptanediol, 3,5-heptanediol, 1,10-decanediol, para- yJisocyanateX ethylidene diisocyanate, L4.4'-diphenyl . 
xylene glycol, the bis-03-hydroxyethylether) of hydro- diisocyanate , dianisidirie diisocyanate, 1,5-naphthalene 
quinone, neopentylglycol, glycerin, pentaerythritol, 20 diisocyanate, m-phenylene diisocyanate, isopropylidene 
trimethylolpropane, triethylolethane and the like and bis(phenyl or cyclohexyl isocyanate), li3-cyclopenty- 
polycarboxy lie acids such as, for example, adipic acid, i ene diisocyanate, 1,2-cyclohexylene diisocyanate, 1,4- 
oxalic acid, succinic acid, methyl adipic acid , sebacic cyclohexylene diisocyanate, 4,4' l 4"-triphenyimethane 
acid, glutaric acid, pimelic acid, azelaic acid, suberic triisocyanate, i;3,5^triisocyanate benzene, phenylethyl- 
acid, phthalic acid, terephthalic acid; isbphthalic acid, 25 diisocyanate, and the like. 

1,2,4-benzene tricarboxylic acid, maleic acid, fumaric j t ^ m addition.be obvious that the polythiol corn- 
acid, itaconic acid, citraconic acid and the like, liquid ponent of the composition of the invention, in addition 
polyamides derivedtrom the reaction between polycar- t0 ^ pentaeiythritol-tetralds-meraptc^cetate uW 
boxylic acids as illustrated hereinabove and polyamines ^ thio i analogs 0 f ahy Q f the aforemen- 
such as, for example, ethylene diamine, propylene di- 30 ^oned polyhydroxy compounds or" of the aforemen- 
amine, butylene diamine, pentamethylene diamine, tioried polyhydric polyethers, polyesters, or poiyam- 
hexamethylene diamine, phenylene diamine, tolylene j des> or polyesteramides or the ester produced ; by reacr 
diamine, xylylene diamine,. 4,^-diammc^diphenylme- tion of these po lyalcohols with a thiol substituted car- 
thane, cyclohexylene diamine, naphthylene diamine, boxylic ^ niustrative of these ^ conipounds are ethane 
and the like, or liquid polyester ^ polyamides- from poly- 35 dithiolf propa ne dithiol, l.l'-dimercaptodiethyl ether, 
carboxyhc acids and amino alcohols such as ammo bis-(2-meTcaptc*thylK6rmal,ethylene #ycol dimercap- 
ethanol, ammo propanpl, ammo butanol, and the bke, topropionate and the like. 

also polyesters . prepared! from lactones such as caprolac- As above ^ compositions of the invention 

tone and the ike, polyhydnc polyalkylene ethers such contem plate the optional inclusion, in addition' to l the 

as, for example, the condensadon products of an alkyl- 40 aforementioned vinyl acetal and poly thiol compone^rits, 

ene oxide such as ethylene oxide, propylene oxide, bu- of various standard addidves W eU-fcnown to thCart for 

tylene oxide amylene oxide and the like with a suitable ^ purposes of ^^y ^ ; of ^ rpce ^ in g; 

initiator such as w^ter or any of the polyalcohols, poly- e ^ m ^ the ^ No Qne or ^^0^ 0 f 

ammes, or ainmo alcohols set forth herein particularly essential to making or ^ the 

In addition to the ^toluene ^yanate Ulusfrated 45 invcntfo ^ 0 nly real limitation being that they be 

heremaboye it will be oovious tnat tne aoove hydroxy which Q ^ skiUed . ^ ^ ^ tQ 

termmated prepolymer may be end capped with other interfere ^ the cure b prefere P ntially 

dits^ Uthox^ - ^ r^^^ 

dim^yphtnylA^hocyLt^ l,4^nethoxyphe- the like, anu-oxidants, actinic radiayn cure mitiators 

nyl-2,5Klii^cyanate, l-propoxyphenyl-i,4^iiisocya- f uch » h ^ m ^^ benzoin^ otners Known in 

nate, l-isobu^oxy-2,«iis^yanate, l,idiethoxyphe- 55 ^ c ^ tiow f* nTOl ^ sucn " ' tne Slil ' 

nyl.2,5^1iisocyanate, diphenylether-2,4^cyanate, <xmes. reacuve diluents for v^sity lowe^MQ pxo- 

riphthalene-l,4^iisocyaiiate, l,l^inaphthalene-2,2'- vide greater fil ? spr^d l HR fiuch M d KS^yUS^ 

diisocyanate, biphenyl-2,4Kliisocyanate, 3,3'^limethyl- hYdroxymethYl^-v myl-m-dioxan eVadipate and the 

biphenyl-4,4'-diisocyanate, 3,3'-dimethoxybiphenyl- fl . - , - .„ ■ '* - ' 

4,4'^iusocyanate, diphenylmethanM,4'-diisocyanate, 60 ^e-ibm^g Espies further illustrate the best 

diphenylmethane-2,4'-diisocyanate f diphenylmethane- mode contemplated by the inventors for the practice of 

2^'-diisocyanate, 3,3'-dimethoxy diphenylmethane^4,4'. wvention. 

diisocyanate, b«nzoplienorie-3,3'Kliisocyanate, 'iihylene EXAMPLE 1 ' . 

diisocyanate, propylene diisocyanate, butylene diisocy- . ^ . , , „ ■.. •' • : . 

anate, pentylene diisocyanate, methylbutylene diisocya- 65 5-Ethyl-5-Hydroxymethyl-2rVinyl-m-Dioxane. < 

hate, tetramethylene diisocyanate, p entamethylene di- Following a procedure analogous to that disclosed 

igncvflfiate^h^yflnethvlpnf* rfii^n cyanat e, dipropyl diiso- and referenced by Ikeda in IJ.S. Pat No. 3,010,923 there 

cyanate ether, heptanethylene diisocyanate, 2,2-dimeth- is obtained from trimethylol propane and acrolein the 
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title product in 80% yield, B. Pt. (1.75-2.7 mm) 
100°-108 # C, n/>«i.4710 

Analysis For: CsH^Oa: Calculated C, 62.77; H, 9.36; 
OH No., 325.7. Found C, 62.17; H, 10.40; OH N 316.3 
(Com). Acid No. (Found) 0.15. 



in. lamps having a linear power density of 200 watts per 
inch. These compositions also cured slowly on exposure 
to air. 

Properties obtained after U.V. cure as above are: 



EXAMPLE 2 



4- Hydroxymethyl-2- Vinyl- 1,3-Dioxolane and 

5-Hydroxy-2-Vinyl-rn-Dioxane 

Following a procedure analogous to that referenced 10 
in Example 1 there is obtained the title products as a 
mixture in 62% yield, B. Pt (13-11 mm) 100M06* C 

Analysis For: C6H10O3: Calculated: C, 55.37; H ( 7.75; 
OH No. 431.1. Found: C, 55.46; H, 6.88; OH No. 423.7 
(Corr.). Acid No. (Found) 0.12. 15 

EXAMPLE 3 

Toluene Piisocyanat e T ""ni" at fd Pfflyf th y 1ffn f 
^di pate End Cap ped With 

5- Ethyl-5-Hydroxymethyl-2-Vinyl-m-Dioxane 20 



A hydroxyl terminated polyethylene adipate having 
an initial molecular weight of 800 was treated with 
toluene diisocyanate to an NCO content of 2.91%. This 
compound was treated with the product of Example 1 
at an OH/NCO ratio of 1.05 for 9.5 hours at 90* C, in 25 
the presence of 0.02% phenothiazine as a polymeriza- 
tion inhibitor. The final NCO content was 0.53%. 

Unsaturation: (Equivalents/100 g) (By ICI titration, 2 
equivalents equal to 1 mole >C=C<) 

Calculated: 0.13. Found: 0.145. 30 

EXAMPLE 4 

Toluene Diisocyanate Terminated Polyester End 
Capped With a Mixture of 
4-Hydroxymethyl-2- Vinyl- 1,3-Dioxolane and 35 
5-Hydroxy-2-Vinyl-m-Dioxane 

Following a procedure analogous to that of Example 
3 treat the toluene diisocyanate terminated polyethyl- 
ene adipate polyester prepared in that Example with die 
product of Example 2 for 6.5 hours at 90° C. to give the 40 
title product. The final NCO content was 0.31%. 

Unsaturation: (ICI titration, equiv./lOO g) 

Calculated: 0.125. Found: 0.145. 



EXAMPLE 5 

Formulations of Vinyl Acetal End Capped Polyesters 
and Polythiols and Polymers Thereof 

Formulations of the vinyl acetal end capped product 
of Example 3 and polythiols were prepared as follows: 



45 



Elongation (%) 

Tensile Strength (psi) 

Modulus (psi) 

100% 

200% 

300% 

400% 



470 
1470 

90 
165 
300 
500 



410 
ISO 

45 
65 
100 



50 



Formulation: 
(Parts by Weight) 



Ingredient 



Vinyl acetal end capped polyester 


85 


8&2 


Methyl ethyl ketone 


62 


62 


2,6-di-l-bulyl-4 methyl-phenol 


0.050 


0.050 


Pcntaerithrytol tetrakis (mercapto acetate) 


7 


X5 


CH^OCH2CH 2 SH)2 




3.0 


Benzophenone 


1.5 


1J 


UCC L-7602 


1 


1 


(Union Carbide Corp.-Organa 






Silicone) 
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Films of the above formulations were cast as a methyl 
ethyl ketone solution and air dried prior to cure. After 65 
cure, film thickness was 4 mil. Curing was 2 passes at 20 
feet per minute using a QC 1202 AN Processor (PPG 
Industries Inc., Radiation Polymer Co.) under two 12 



The subject matter which applicants regard as their 
invention is particularly pointed out and distinctly 
claimed as follows: 

1. A photocurable composition which comprises a 
polythiol and a polyene derived from a vinyl acetal. 

2. A composition as defined in claim 1 wherein the 
vinyl acetal is a vinyl- 1,3-dioxane or a vinyl- 1,3-dioxo- 
lane. 

3. A composition as defined in claim 2 wherein the 
polythiol is selected from a compound of the formula: 
Q-t-SH) m wherein m is at least 2 and Q is an m valent 
radical derived by removal of hydrogen from terminal 
or ring positions of straight, branched chain, or cyclic 
alkyl of from 2 to 20 carbon atoms, straight or branched 
chain alkyl-phenyl, diphenyl, phenyl- straight or 
branched chain alkylene-phenyl, diphenyl ether, 
straight, branched chain, or cyclic alkyl-phenyl ether, 
di-straight or branched chain, or straight or branched 
chain alkyl substituted cyclic alkylether, polypheny- 
lene-polyether, polyphenylene-polyalkylene polyether, 
polyalkylene polyether, polyester, or ester of a polyol. 

4. A composition as defined in claim 3 wherein the 
polyene is a compound of the formula: 

OH HO R (CH2-7-O R' 

11 I I II 1/ \ I 

Q'i-C— N— X— N— C— O— Y— C H-C— C=CH 2 ) fl 

(CH2)«-0^ 

wherein Q' is an a valent residue derived from a hy- 
droxyl terminated polyester, polyether, polyamide, 
polyester-polyether, or polyester-polyamide by re- 
moved of hydrogen from the hydroxyl functions; X is a 
divalent alkylene or arylene linking group; Y is a co va- 
lent bond or an alkylene group of 1-20 carbon atoms; R 
is hydrogen, alkyl of 1 to 20 carbon atoms, or haloalkyl 
of 1 to 20 carbon atoms; R' is hydrogen, alkyl of 1 to 20 
carbon atoms, haloalkyl of 1 to 20 carbon atoms, fluoro 
or chloro; n is 0 or 1 and a is a positive number greater 
than 1. 

5. A composition as defined in claim 4 wherein Q' is 
derived from a hydroxyl terminated polyester. 

6. A composition as defined in claim 4 wherein the 
polythiol is a thiol terminated polyester, polyether, 
dialkyl formal, or ester of a polyol. 

7. A composition as defined in claim 5 wherein the 
polythiol is a thiol terminated polyester, polyether, 
dialkyl formal, or ester of a polyol. 

8. A composition as defined in claim 7 wherein the 
thiol terminated ester of a polyl is pentaerythritol tetra- 
kis mercaptoacetate. 

9. A composition as defined in claim 7 wherein the 
thiol terminated dialky formal is bis-(2-mercaptoethyl)- 
formal. 
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